Abstract: Background and objective: Prevalence of atrial fibrillation is higher in hemodialysis patients as compared to the general population. Atrial electromechanical delay is known as a significant predictor of atrial fibrillation. In this study, we aimed to reveal the relationship between atrial electromechanical delay and attacks of atrial fibrillation. Materials and methods: The study included 77 hemodialysis patients over 18 years of age giving written consent to participate in the study. The patients were divided into two groups based on the results of 24-h Holter Electrocardiogram (Holter ECG) as the ones having attacks of atrial fibrillation and the others without any attack of atrial fibrillation. Standard echocardiographic measurements were taken from all patients. Additionally, atrial conduction times were measured by tissue Doppler technique and atrial electromechanical delays were calculated. Results: Intra-and interatrial electromechanical delay were found as significantly lengthened in the group of patients with attacks of atrial fibrillation (p = 0.03 and p < 0.001 respectively). The optimal cut-off time for interatrial electromechanical delay to predict atrial fibrillation was >21 ms with a specificity of 79.3% and a sensitivity of 73.7% (area under the curve 0.820; 95% confidence interval (CI), 0.716-0.898). In the multivariate logistic regression model, interatrial electromechanical delay (odds ratio = 1.230; 95% CI, 1.104-1.370; p < 0.001) and hypertension (odds ratio = 4.525; 95% CI, 1.042-19.651; p = 0.044) were also associated with atrial fibrillation after adjustment for variables found to be statistically significant in univariate analysis and correlated with interatrial electromechanical delay. Conclusions: Interatrial electromechanical delay is independently related with the attacks of atrial fibrillation detected on Holter ECG records in hemodialysis patients.
Introduction
The prevalence of atrial fibrillation (AF) in patients with chronic renal failure undergoing hemodialysis is 2-3 times higher than the general population [1] [2] [3] [4] [5] . Hemodialysis patients are closely associated with the risk factors for the development of AF such as aging, hypertension, diabetes mellitus, coronary artery disease, and heart failure. Moreover, chronic renal failure and hemodialysis itself triggers development of AF by leading various metabolic and hemodynamic changes [6] [7] [8] .
Other possible mechanisms that may explain the high prevalence of AF in hemodialysis patients include left atrial enlargement, left ventricular hypertrophy and activation of renin-angiotensinaldosterone system [9] [10] [11] [12] [13] [14] .
Material and Method

Study Population
This prospective cross-sectional study included 77 patients undergoing hemodialysis in Research Hospital of Medical Faculty, Kahramanmaras Sutcu Imam University, between February 2018 and May 2018. Inclusion criteria were determined as being older than 18 years of age and giving written consent to participate in the study. Exclusion criteria were congestive heart failure, presence of pacemaker, presence of bundle branch block on ECG, usage of antiarrhythmic medication influencing atrial conduction (beta blocker, digoxin), moderate to severe mitral and/or tricuspid regurgitation, presence of angina, documented and not revascularized severe coronary artery disease, active infections, hyperparathyroidism, hipo-or hyperthyroidism, and autoimmune diseases. The patients with known or documented previous AF (permanent, persistent, or paroxysmal) and the patients developing AF attacks during echocardiographic examination were also excluded from the study. Demographic and laboratory data of the patients were recorded. All patients underwent standard transthoracic echocardiography including tissue Doppler examination after hemodialysis. Patients also had 24 h Holter ECG monitoring starting on the morning following hemodialysis.
Holter ECG
The 3-Channel recordings with standard settings (Walk 400h Cardioline, Milan, Italy) were used for performing the 24 h Holter monitoring. An experienced cardiologist who had no information about the characteristics of patients evaluated the recordings gained from patients for the presence of <30-s-long or ≥30-s-long AF episodes. Supraventricular runs with >3 beats, lasting <30 s with absolutely irregular RR interval and no distinct p-waves were regarded as non-sustained AF. Self-terminating episodes having similar morphological characteristics and lasting ≥30 s were considered as paroxysmal AF
Standard Echocardiography
Experienced echocardiographers who had no information about the clinical details of each subject undertook transthoracic echocardiographic examinations using the Vivid 7 ® cardiac ultrasonography system (GE VingMed Ultrasound AS; Horten, Norway) with 2.5-to 5-MHz probes. The left lateral and supine positions by 2D, M-mode, pulsed, and color flow Doppler echocardiography examination was conducted for each patient. Single lead electrocardiogram was continuously recorded. For all measurements, the average of at least three cardiac cycles was gained. European Society of Echocardiography guideline criteria was the basis for the examination of M-mode measurements and conventional Doppler echocardiographic examinations002E [26] . Doppler tracings and two-dimensional images were gained from parasternal long and short axes, apical and subcostal views. Measurement of left and right atrial dimension, end-systolic and end-diastolic dimensions of left ventricle (LV), diastolic LV posterior, and septal wall thicknesses was conducted. Measurement of left atrial volumes was done using the disc method and Simpson's rule was used for estimating LV ejection fraction (EF). Mitral inflow velocities, namely peak E (early diastolic) and peak A (late diastolic), E/A ratio was preferred for evaluation of LV diastolic function and also deceleration time of the E-wave (DT) and isovolumic relaxation time (IVRT) was used.
Tissue Doppler Echocardiography (TDE)
The pulsed Doppler sample volume was placed at the level of LV lateral mitral annulus, septal mitral annulus, and RV tricuspid annulus from an apical four-chamber view. The time interval from the onset of the P-wave on surface ECG to the beginning of the late diastolic wave (Am), which is called PA, was gained from the lateral mitral annulus (PA lateral), septal mitral annulus (PA septal), and RV tricuspid annulus (PA tricuspid) (Figure 1) . The difference between PA septum and PA tricuspid (PA septum − PA tricuspid) was identified as intra-atrial electromechanical delay while the difference between PA lateral and PA tricuspid (PA lateral − PA tricuspid) was identified as interatrial electromechanical delay [27] [28] [29] .
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Ethics Statement
The Kahramanmaras Sutcu Imam University Ethics Committee approved this study with protocol code 274. Each patient was enrolled after signing the informed consent.
Statistical Analysis
The SPSS program version 14 (SPSS Inc., Chicago, IL, USA) was used for data management and analysis and a two-sided p-value ≤ 0.05 was found out to be statistically significant. Categorical variables were presented as the number of cases plus percentage and continuous variables as mean ± standard deviation (SD) or median and interquartile ranges (IQR), where applicable. Comparison of means was done through an independent sample t test, and, through a Mann-Whitney U test with median if there was no normal distribution. Using the chi square test was used if for appropriate for categorical data evaluation. Pearson correlation test was used for normally distributed variables and by Spearmen correlation test was used for non-normally distributed variables for correlation analysis was performance. Identification of the optimal cut-off point of inter-and intra-atrial EMD for the prediction of AF was done through receiver operator characteristic (ROC) curve analysis. ROC curve analysis was done using MedCalc (v12.7.8). The area under the curve (AUC) with 95% confidence interval was estimated in prediction of AF. The optimal cutoff value of interatrial EMD was identified as the value parallel with the highest sum of sensitivity and specificity-1. Univariate analysis was used for quantification of the association of variables with AF. The variables found out to be statistically significant in the univariate analysis and other potential confounders were used in multivariate logistic regression model with backward stepwise method for determining the independent prognostic factors of AF. 
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Results
Upon the analysis of Holter ECG recordings of 77 patients included in the study, 19 patients were detected to have AF attacks, while 58 patients were in sinus rhythm. Among patients with AF attacks, 7 of them had PAF and 12 of them had non-sustained AF. Clinical, laboratory and echocardiographic data of two groups formed according to the presence of AF were shown in Table 1 . Hypertension ratio was significantly higher in the group developing AF attacks (p = 0.014), but there was no significant difference between groups regarding age, sex, and DM ratio. Among standard echocardiographic measurements, left atrial dimensions were significantly increased in the group with AF attacks (p = 0.01). Other standard echocardiographic and laboratory parameters were similar between two groups. Atrial electromechanical delay recorded from different annular segments were given in Table 2 . Lateral and septal PA was significantly higher in the group developing AF attacks (64.9 ± 8.1 vs. 56.1 ± 7.4, p < 0.001; 47.4 ± 6.8 vs. 43.2 ± 6.6, p = 0.019 respectively). PA tricuspid was similar between groups. Inter-and intra-atrial EMD was significantly prolonged in the group with AF attacks as compared to the group in sinus rhythm (26.8 ± 7.3 vs. 17.7 ± 5.8, p < 0.001; 9 (4-14) vs. 3.5 (2-5.2), p = 0.04 respectively) (Figure 2 ). It was found that interatrial EMD was positively correlated with intra-atrial EMD, septal PA, and lateral PA in all patients. Intra-atrial EMD was positively correlated with interatrial EMD, lateral PA, septal PA left atrial diameter, right atrial diameter, and TAPSE while it was negatively correlated with LVEF (Table 3) . It was found that interatrial EMD was positively correlated with intra-atrial EMD, septal PA, and lateral PA in all patients. Intra-atrial EMD was positively correlated with interatrial EMD, lateral PA, septal PA left atrial diameter, right atrial diameter, and TAPSE while it was negatively correlated with LVEF (Table 3) . Optimal cut-off time of interatrial EMD to predict AF was found to be >21 ms, with specificity of 79.3% and sensitivity of 73.7% (AUC = 0.820; 95% CI, 0.716-0.898; p = 0.0001 (Figure 3) . This receiver operating characteristic curve shows that the optimal cutoff point of interatrial EMD in the prediction of AF was >21 ms, with specificity of 79.3% and sensitivity of 73.7% (area under the curve = 0.820; 95% CI, 0.716-0.898; p = 0.0001).
In the multiple logistic regression model using a back ward stepwise method, interatrial EMD (OR = 1.230, 95% CI: 1.104-1.370, p < 0.001) and hypertension (OR = 4.525, 95% CI: 1.042-19.651 p < 0.001) still remained significant predictors of AF after adjusting for the confounding variables, which were either found to be statistically significant in the univariate analysis and for the variables correlated with the inter-and intra-atrial EMD (Table 4) . This receiver operating characteristic curve shows that the optimal cutoff point of interatrial EMD in the prediction of AF was >21 ms, with specificity of 79.3% and sensitivity of 73.7% (area under the curve = 0.820; 95% CI, 0.716-0.898; p = 0.0001).
In the multiple logistic regression model using a back ward stepwise method, interatrial EMD (OR = 1.230, 95% CI: 1.104-1.370, p < 0.001) and hypertension (OR = 4.525, 95% CI: 1.042-19.651 p < 0.001) still remained significant predictors of AF after adjusting for the confounding variables, which were either found to be statistically significant in the univariate analysis and for the variables correlated with the inter-and intra-atrial EMD (Table 4) . All the variables from Tables 1 and 2 
Discussion
In this study, we showed that interatrial electromechanical delay was independently related to AF attacks detected by 24-h Holter ECG recordings in hemodialysis patients.
AF is more frequently seen in the patients on dialysis than normal population [30] . AF prevalence in dialysis patients varies between 7% and 27% [31] [32] [33] . VIVALDI (Vienna InVestigation of AtriaL Fibrillation and Thromboembolism in Patients on HemoDIalysis) study revealed that the prevalence of AF in these patients was 26.5%, of which 57.8% had paroxysmal AF, 3.0% had persistent AF, 32.5% had permanent AF and 6.6% had newly diagnosed AF [31, 34] . In this study, we detected AF in 24% of the patients of whom 37% had paroxysmal AF, 63% had non-sustained AF. Although overall prevalence of AF in our study was similar to previous results, prevalence of AF subgroups was different from the ones reported in the literature. This difference might be explained by that duration of follow up was not long enough to make the diagnosis of persistent, permanent and long-standing AF. On the other hand, considering that non-sustained AF is a risk factor for the development of paroxysmal or permanent AF, or both, these ratios are expected to change during long-term follow up.
Of independent risk factors for the development of AF in general population, age, sex (male), hypertension, diabetes mellitus, heart failure, valvular heart diseases, and left atrial enlargement are also risk factors for the development of AF in dialysis patients [6] [7] [8] . In our study, the groups were similar to each other with regard to age, sex, and DM. Since many diseases that might affect atrial conduction properties such as coronary artery disease, valvular heart diseases, heart failure, and chronic inflammatory disorders were excluded, relatively small number and narrow spectrum of patients included in the study may be the reason of this indifference.
Hypertension contributes to development of AF through activation of renin angiotensin system that leads to changes in cardiac structure and physiology such as increased left atrial pressure and volume. In the Framingham study, hypertension was found as an independent risk factor for AF. Similar to previous reports in the literature, hypertension was found to be related with AF in hemodialysis patients on univariate and multivariate analysis in our study [35] .
One of the possible mechanisms explaining the relationship between atrial dilatation and AF is decreased calcium flow through L-type calcium channels in enlarged atriums. The decrease in Ca flow shortens the action potential, and causes the loss of plateau phase in action potential and shortening of refractory period in atriums. It has been predicted that this electrical remodeling might be the etiology of AF. It may also cause electromechanical delay [36] [37] [38] Genovasi et al. have reported in their study including 488 chronic dialysis patients that left atrial enlargement is a risk factor for persistent and permanent AF, but not paroxysmal AF. In this study, paroxysmal AF developed in 8 of 202 patients with left atrial enlargement and in 9 of 286 patients without left atrial enlargement [31] . Similarly, we found that left atrial dilatation was not an independent risk factor for paroxysmal AF. We think that although electrical remodeling has started or developed, shown by increased electromechanical delay, structural remodeling playing role in the pathogenesis of AF such as myolysis, cellular hypertrophy, fibrosis, increased collagen type 1, increased activity of metalloproteinase may be at the beginning level or may not be progressed enough to cause atrial dilatation.
Electromechanical delay, EMD, is a parameter assessing the characteristics of atrial conduction which represents electrical and functional continuity of atrial myocytes, and is closely related to AF. EMD is formed by conduction velocity in atriums and atrial dimensions, and is an indicator of atrial hemodynamics. In congenital heart diseases, both chronic volume and pressure overload and postoperative scars in atriums decrease the velocity of atrial conduction and causes atrial electromechanical delay which has been shown to predict AF [39] . After myocardial infarction, fibrosis developing in atriums causes electromechanical delay by decreasing conduction velocity in atriums. Post-MI prolonged EMD is an independent risk factor for development of AF [40] . Histopathological changes in atrium are significant markers of EMD duration. Signs of structural remodeling such as atrial fibrosis, myocyte atrophy and scattered fibrotic fields in normal atrial tissue provide nonhomogenous impulse conduction in atriums. These signs are positively correlated with EMD. Because of these histopathological changes taking place in AF pathophysiology, both lone AF and recurrence of AF after cardioversion has been shown to be closely related with EMD [41] [42] [43] . Similarly, we showed that prolongation of EMD predicted AF in hemodialysis patients in whom atrial hemodynamic, functional, and electrical parameters are directly affected.
Alterations of atrial hemodynamic parameters in hemodialysis patients, ongoing subclinical inflammation, RAAS activity, increased atrial pressure, and dilatation of atriums provide a basis for AF. These factors also lead to increase in EMD. Karavelioglu et al. showed that atrial EMD was increased in dialysis patients as compared to control group [44] . As different from previous studies, we detected AF attacks in Holter ECG recordings and documented that increased EMD predicted AF in these patients. Moreover, both inter-and intra-atrial EMD was prolonged in patients developing AF attacks, but only interatrial EMD was seen to predict AF on multivariate analysis. This may be explained by the fact that interatrial conduction involves both atriums and is affected by structural or electrical remodeling, or both, of any atrium. Determining the cut-off value of atrial EMD predicting AF in dialysis patients (21 ms in our study for interatrial EMD) may warn us to follow up the patients with measurements above the cut-off value closely and may be useful in early diagnosis and treatment of AF in such patients.
Study Limitations
Main limitation of this study was that it was a cross-sectional study and the patients were not followed up for development of AF that was only detected by Holter ECG recordings. Holter ECG recordings were obtained for 24 h; prolonged or repeated Holter ECG monitorizations were not performed in non-sustained AF. Additionally, interobserver variability of PA measurements was not evaluated. Interatrial conduction time obtained by TDI was not correlated with invasive interatrial conduction time. Finally, relatively small number of subjects in the study and lack of long term follow up necessitates further studies to support our hypothesis.
Conclusions
To the best of our knowledge, this is the first study in the literature showing that interatrial conduction delay obtained by echocardiography is independently related to AF attacks detected on 24 h Holter ECG recordings in hemodialysis patients. Interatrial conduction delay, a noninvasive and easily obtained echocardiographic parameter, may be used to determine the dialysis patients who will benefit from 24 h Holter ECG monitorization to detect AF attacks. 
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